This study investigates the international linkages of growth, value, and standard stock indices of the US, Canada, and Japan. In particular, we empirically test the international effects of Japanese standard, value, and growth stock indices on US and Canadian growth, value, and standard equity indices. Our empirical analyses by using multivariate-generalized autoregressive conditional heteroscedasticity (MGARCH) models suggest the following evidence. First, this paper clarifies that both the Nikkei 225 (the Nikkei) and the Tokyo stock price index (TOPIX) show the highest time-varying correlations with the US standard equity index, while both the Nikkei and TOPIX exhibit the highest time-varying correlations with the Canadian value index. Second, we further reveal that the Japanese value and growth stock indices also have the highest time-varying correlations with the US standard equity index, while both two Japanese indices show the highest time-varying correlations with the value index in Canada.
Introduction
Evaluating stock performances of value and growth stocks is one of the key research topics in finance (e.g., Capaul et al., 1993; Chen and Zhang, 1998; Fama and French, 1998; Baek and Bilson, 2015) and international stock market linkage is also one of the most important issues for financial researchers (e.g., Rangvid, 2001; Narayan and Smyth, 2004) . It is pointed out that to date, value and growth effects and the issue of international stock market linkage have been separately investigated. Therefore, in order to derive new evidence, this study newly attempts a combined research as to these two issues by using US, Canadian, and Japanese growth, value, and standard equity index data.
Regarding the issue of international stock market linkage first, there are interesting previous studies such as Liu (2013) , Tsai (2014) , and Vu (2015) , for example; however, all these studies used standard stock market indices. As to value premiums next, for instance, such studies as those by Black et al. (2007) and Fama and French (2012) also exhibited interesting analyses, while there seems to be little existing study that specifically focused on growth premiums, as we review later in detail. Again, as we documented above, these two kinds of studies have been conducted separately; and as far as we know, there is little previous study that analyzed international stock market linkages by taking into account both value and growth effects. Based on the state of past studies and our motivation explained above, this paper empirically examines the time-varying international effects of Japanese value, growth, and standard equity indices on US and Canadian value, growth, and standard stock indices. This is the objective of this paper and we consider that we are the first to conduct such a combined empirical study in connection with the two attractive topics: value and growth effects and international stock market linkages. In our empirical analyses, by using two types of multivariategeneralized autoregressive conditional heteroscedasticity (MGARCH) models, we aim to derive robust evidence.
Briefly stating the interesting findings derived from MGARCH models, they are as follows. First, we clarify that 1) both the Nikkei 225 (the Nikkei) and the Tokyo stock price index (TOPIX) show the highest time-varying correlations with the US standard equity index, while both the Nikkei and the TOPIX exhibit the highest time-varying correlations with the Canadian value index. Second, we further reveal that 2) Japanese value and growth stock indices have the highest time-varying correlations with the US standard equity index and both two Japanese indices exhibit the highest time-varying correlations with the value index in Canada.
Applied Economics and Finance Vol. 3, No. 3; 2016 82 The remainder of this paper is organized as follows. Section 2 briefly reviews the previous literature, Section 3 explains our data, and Section 4 documents our econometric methodology. Section 5 explains our empirical results and Section 6 summarizes this paper.
Literature Review
There are many past studies as regards the international stock market linkage; however, those studies are generally as to simple connections among standard stock indices. For example, Asgharian et al. (2013) conducted a spatial analysis of international stock market linkages by using international standard stock market returns. Similarly, by using standard equity index data, Ye (2014) examined the interactions between China and US stock markets. Vu (2015) examined their outputs' responses to stock market volatilities across 27 countries by using standard equity index data. As pointed out before, many studies used standard equity index data in analyzing international stock market linkages.
As for the studies of value and growth stocks, there are much more studies of value effects than growth effects. For example, Liu and Zhang (2008) investigated US value spreads, and they concluded that, differently from the suggestions by Campbell and Vuolteenaho (2004) , for forecasting US stock returns, US value spreads seemed to be much less useful. Furthermore, using international stock return data, Fama and French (2012) examined size, value, and momentum effects in each international stock market. In addition, in the US stock market, Novy-Marx (2013) examined the value strategy and concluded that it was not always strongly effective.
There are very few studies related to the growth effect. Rytchkov (2010) examined the return predictability regarding US value and growth portfolios. Rytchkov (2010) showed that US value and growth portfolio returns were predictable, and the predictability for growth portfolios was stronger. Larsen and Munk (2012) investigated the effectiveness of growth/value tilting strategies, and they indicated that the growth/value tilt strategies were much effective. As for the Japanese stock market, Tsuji (2007) explored the priced macroeconomic factors and Tsuji (2012) examined the size-and value-premiums. However, the focuses of these studies were not on the issue of international stock market linkage with the Japanese stock market.
Data
This study employs 10 daily stock index data for the period from June 21, 2001 to December 5, 2014. All data we use in this research are from the QUICK Corp. As we are interested in the relationships among Japanese, US, and Canadian stock markets, we constructed four kinds of return series for Japan; three kinds of return series for the US; and three kinds of return series for Canada. Further, our return series are all daily log percentage returns.
First, regarding Japan, dlrnk and dlrtpx are the returns of the Nikkei and TOPIX, respectively. In addition, dlrjg and dlrjv denote the returns of the Morgan Stanley Capital International (MSCI) growth and value stock indices for Japan, respectively. As to the US equity market, dlrus, dlrusg, and dlrusv mean the returns of the MSCI US standard equity index, the MSCI US growth equity index, and the MSCI US value equity index, respectively. For the Canadian stock market, dlrca, dlrcag, and dlrcav denote the returns of the MSCI Canadian standard equity index, the MSCI Canadian growth equity index, and the MSCI Canadian value equity index, respectively. Using the above 10 time-series data, we inspect the international effects of the Japanese standard, growth, and value equity indices on the US and Canadian standard, growth, and value stock indices. Time difference between Tokyo and New York or Toronto is about 14-hours and thus, stock markets in Japan precede US and Canadian markets. Hence, in order to evaluate the international effects of Japanese stock markets on the other two succeeding markets, we analyze the same day data of the three countries.
Descriptive statistics as to the above 10 return variables are shown in Table 1 . Table 1 indicates that the values of mean and median for all 10 index return data are slightly positive. Table 1 also shows that the Japanese equity index returns seem to be more volatile than the stock index returns of the US and Canada. Moreover, the skewness values are slightly negative for all stock return data. Furthermore, the Canadian equity index returns demonstrate slightly higher values of kurtosis than the stock index returns in the US and Japan; hence, we understand that, in our sample period, the Canadian equity returns have somewhat fatter-tail distributions than stock returns in the US and Japan.
Econometric Methodology
In order to inspect the dynamic linkages of the Japanese equity indices and the US or Canadian stock indices, we apply two kinds of multivariate-GARCH models. The first is the vector-half (VECH)-MGARCH model and the second is the Baba-Engle-Kraft-Kroner (BEKK)-MGARCH model. It is noted that, in order to derive robust evidence, in this study, we employ the above two kinds of MGARCH models.
Using the time-varying covariances and variances derived from the above two MGARCH models, we compute the time-varying correlation coefficients between the Japanese equity indices and the US or Canadian equity indices. By using these time-varying correlation coefficients, this paper analyzes the dynamic effects of the above four kinds of Japanese equity indices on the US and Canadian stock indices. 
Empirical Results

The Nikkei or TOPIX and the US or the Canadian Stock Market
This section explains our results from MGARCH models. First, Figure 1 Figures 1 and 2 , it is understood that, again, all the correlations between the TOPIX and the following US standard or the Canadian value index evolve with taking positive values on average. Table 2 exhibits the test results of the average values of the time-varying correlations derived from the VECH-and BEKK-MGARCH models. This table shows that for the US, both the Nikkei and TOPIX have the highest average correlation coefficients with the succeeding US standard stock index (Panels A-1 and A-4 in Table 2 ) although one exception is seen in the case of BEKK-MGARCH model shown in Panel A-3 of Table 2 . On the other hand, Table 2 also shows that for Canadian markets, both the Nikkei and TOPIX exhibit the highest average correlation coefficients with the following Canadian value index regardless of the model types (Panels B-3 and B-6). Further, implementing the t-tests, the results shown in Table 2 clearly demonstrate that all average values of the time-varying correlation coefficients are statistically significantly positive at the 1% level. Based on the above evidence derived from our two kinds of MGARCH models, it is again very robust that the preceding Japanese stock markets most strongly influence the overall stock market in the US and the value stock index in Canada. Figure 4 ) exhibits those between the Japanese value index and the Canadian value index, which are derived from the VECH-MGARCH (BEKK-MGARCH) model. From these panels, it is again understood that all the correlations between the preceding Japanese value stocks and the following US standard or the Canadian value index evolve positively on average.
The Japanese Value or Growth Index and the US or the Canadian Stock Market
Further, Table 3 also displays that for the US, both the Japanese value and growth stocks demonstrate the highest average correlations with the succeeding US standard stock index regardless of the model types (Panels A-1 and A-4 in Table 3 ). On the other hand, Table 3 again suggests that for Canadian markets, both the Japanese value and growth stocks have the highest average correlations with the following Canadian value index regardless of the model types (Panels B-3 and B-6). Moreover, the t-test results displayed in Table 3 clearly show that all average values of the time-varying correlation coefficients are statistically significantly positive at the 1% level. According to the above evidence derived from our two sorts of MGARCH models, it is again very robust that the Japanese value and growth stocks most strongly affect the US overall equity index and the Canadian value index.
To sum up, our MGARCH analyses demonstrate that 1) the Japanese representative stock market indices, the Nikkei and TOPIX, most strongly influence the following US overall stock market and the value index in Canada; and very interestingly, 2) both the Japanese value and growth stocks most strongly affect the succeeding US overall stock market and the Canadian value stocks as well. 
Conclusions
This study investigated the international time-series relationships of growth, value, and standard stock indices of the US, Canada, and Japan. In particular, we empirically inspected the international effects of Japanese standard, value, and growth stock indices on US and Canadian growth, value, and standard stock indices. Clarification of the effects was the objective of this paper. Our empirical analyses by using two types of multivariate-GARCH models revealed the following interest evidence. 1) First, our VECH-MGARCH and BEKK-MGARCH analyses found that for the US, both the Nikkei and TOPIX had the highest time-varying correlations with the US standard index. 2) Second, unlike the results for the US, our two kinds of MGARCH analyses clarified that in Canadian markets, both the Nikkei and TOPIX exhibited the highest time-varying correlations with the value index. 3) Third, our further inspections by using two sorts of MGARCH models revealed that in the US, Japanese value and growth equity indices again had the highest time-varying correlations with the standard index. 4) Fourth, unlike the results for the US, our MGARCH analyses also found that in Canadian markets, the Japanese value and growth indices exhibited the highest time-varying correlations with the value index.
Based on the above new findings, the academic novelty and usefulness of our present study for considering practical investments and future research can be documented as follows. First, 1) according to our evidence, watching the trends of the overall Japanese stock market is highly important for Canadian value investors since the Japanese representative stock market indices and the Canadian value index are much highly correlated. Second, 2) our results also indicate that the time-series of the overall Japanese stock market is extremely important for passive fund managers, central bankers, and government policy makers in the US because the Nikkei or TOPIX and the US standard equity index are much tightly related.
Further, 3) our results also imply that US growth-and value-style investors shall obtain better diversification effects by including Japanese stocks than passive investors since all kinds of the Japanese stock indices analyzed in this paper are less related with the US value or growth equity index than with the US standard index. Fourth, 4) our evidence further suggests that Canadian growth-and passive-style investors shall obtain stronger diversification effects by including Japanese stocks than Canadian value investors because all the Japanese stock indices investigated in this study are less tightly connected with the Canadian growth or standard stock index than with the Canadian value index. As the above findings and implication suggest, further investigations by using other international stock indices with different investment style and developing specific hypotheses related to such effects demonstrated in this paper may be our future tasks.
